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ELECTRON MULTIPLIER ARRAY 

The present invention relates to an electron multiplier array and to a 
method of making fre same. In particular, the present invention is concerned 
with a compact, low power electron multiplier suited for use in, but not limited 
to, image intensifies, flat panel displays and secondary electron emission 
microscopy. 

. Conventional electron multipliers, in the form of a photomultlplier tube 
for example, are constructed using a plurality of electrically conductive plates, 
with each plate having high secondary electron emission characteristics. The 
conductive plates are individually mounted In a vacuum chamber in a column 
but physically separated from one another and an anode Is provided at one 
end of the column. The conductive plates are connected to a power source 
such that Increasingly positive potentials are applied to successive plates in 
the column in a direction towards the anode whereby free electrons are 
caused to accelerate towards the anode at the base of the column. When an 
electron is incident on the first plate in the column, distant from the anode, a 
plurality of electrons is produced by the plate because of its high secondary 
electron emission. The electrons produced by the first plate are then 
accelerated towards the anode and in turn are incident on the next plate. 
Thus, ever increasing numbers of electrons are emitted by each of the plates 
as the electrons are accelerated towards the anode at the base of the column, 
in a cascade. 

In an article appearing in Nuclear Instruments and Methods in Physics 
research A 3443 (1994) 263-267 entitled 'Status of the Ceramic Multichannel 
PM tube' G Comby et al, a photomultipller array is described which (s 
constructed from Individual ceramic plates that are stocked alternately as 
dynode layers and insulation layers. A plurality of holes is drilled Into each 
ceramic plate and the ceramic plates are stacked so that the holes in adjacent 
plates are in staggered alignment The walls of the holes in the dynode plates 
are lined wrth a conductive material that is in electrical contact with an applied 
positive potential so that electrons in the channel defined by the holes are 
accelerated towards an anode at the base of the stack. 
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have the disadvantages that the devices are bulky and a™ susceptible to high 
magnetic fields which significantly reduces potential applications for euch 
devices. Moreover, the method of making the devices Is costly and time 
consuming. Each plate must be manufactured separately and when-the 
Plates are stacked cam must be taken to ensure the necessary staggered 
arrangement Muereo 

In WOgg/09577 an electron multiplier army is described In which 
alternating Insulation and dynode layere are built up Mm a substrate, around 
an array of anodes, using conventional deposition and etching techniques 

dtoxlde as the material insulating me indlviduai dynodea torn one another end 

Z ^r^Tt te b9dep ° Slted *• °*>°^ upper aurfece of 

tte stan d,ox,de. Resist is used to fill the channels of the multiplier *a, era 
fomnedaseach new layer Is deposited. Once the multiplier atack la oompiete 
*» mm « men removed to Provide confinuoua staggarad channeta J,£ 

ZLT mUMP ' fer anayto indMt,Ua ' ■»*-■» basecf eaj 

oiv.,^ mUl,IP " er ^ WOaB ™S" is particular* suited to 

the ind^dua. channete of me an^. the pe^mtanceof each channel 
must be measured and appropriate correction fectore appted to the channel 

alter the relative performance characteristics of Ihe channels 

The present invention seeks to provide en Impmvament over the 
m*hod of fiabricatrng an eleomn muiHpBer array aa described in WO88/09577 

el.m,natesmer^fo rlndMdu a channel oulputs to be corrected for 
variations in performance. 

In a first aspect the present invention provides an electron multiplier 

StaCKed avers nf a maafalB^ . * 



cf _^ u . , _ K.-..^ « yiuraiiiy ot alternately 

stacked layera of a metallic material and an fr.su.ator there being an array of 
open channels extending through the iayere of metallic materia, and the tayere 
of insulator, each of the metelBc .ayera having a respecfiva power connecBon 
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for application of a voltage potential which varies with respect to the location 
of the metallic layer within the stack, the electron multiplier array being further 
characterised by a plurality of planarising layers each planarising layer 
separating neighbouring insulator and metallic layers in the stack. 

In a second aspect the present invention provides an electron multiplier 
array comprising a monolithic structure having a plurality of alternately 
stacked layers of a metallic material and an insulator there being an array of 
open channels extending through the layers of metallic material and the layers 
of insulator, each metallic layer consisting of a plurality of discrete but 
interconnected cells, each cell defining the walls of a respective channel and 
each cell being connected to a plurality of adjacent ceils In said layer and 
each of the metallic layers having a respective power connection for 
application of a voitage potential which varies with respect to the location of 
the metallic layer within the stack, the power connections for each of the 
metallic layers being located at different respective positions on the perimeter 
of the electro n multiplier array- 
In a preferred embodiment the alternately stacked layers of metallic 
material and Insulator are mounted on a substrate which closes one end of 
the channels of the array and includes an anode at the closed end of each 
channel of the array. 

In an alternative prefeired embodiment in which the electron multiplier 
array is suitable for use as part of an Image Intensified a first, upper surface of 
the array may be provided with or located adjacent a photosensitive material 
and a second, opposite end of the array may be located adjacent a phosphor 
surface. 

In a further aspect the present invention provides a method of 
manufacturing a monolithic electron multiplier array comprising the steps ot 

a) providing a substrate; 

b) depositing a layer of Insulator; 

c) patterning an array of apertures In the layer of insulator; 

d) Introducing a filler material into the array of apertures In the layer 
of insulator; 

d) applying a planarising layer over the exposed surfaces of the 
layer of Insulator and the filler material in the apertures; 

3 
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f) forming an array of apertures In the layer of metallic material, 
the apertures In the layer of metallic material defining with the filled 
apertures in the layer of insulator respective channels In the monolithic 
structure; 

g) introducing a filler material Into the array of apertures in the layer 
of metallic material; 

h) applying a planarising layer over the exposed surfaces of the 
layer of metallic material and the filler material in the apertures; 

i) repeating the steps b) to h) to form alternately stacked layers of 
a metallic material and insulator with an anay of channels extending 
through the layers of metallic material and the layers of insulator arid 

j) removing the regions of each planarising layer overlying filler material 
and the filler material in the apertures in each layer so as to from an 
array of open channels extending through the alternately stacked 
layers of metallic material and insulator. 

Embodiments of the present invention will now be described by way of 
example with reference to the accompanying drawings, in which: 

Fig. 1 Illustrates a single channel of an electron multiplier array m 
accordance with the present invention; 

Figs 2A -2K illustrate the stages of a fabrication method of the electron 
multiplier array of Fig. 1 ; and 

Fig. 3 Is a plan view from above of the power connections for one 
dynode layer in the electron multiplier array of Fig. 1 . 

The monolithic electron multiplier 1 of Fig. 1 generally comprises a 
substrate 2, of intrinsic silicon for example, on which is mounted an anode 5 
and an alternative series of insulation layers 7 and dynode layers 1 1 . Each 
dynode layer is of an electrically conductive, preferably metallic, material and 
has its exposed surfaces coated with a material having high secondary 
emission characteristics. For the sake of clarity only a portion of the total 

nujmkeiiatJsejOTnd^ : 

the electron multiplier are illustrated. Each layer is separated from its closest 
neighbours by a planarising layer 10 in the form of a thin film of a metallic 
material, preferably the same material as the material of the dynode layers. 

i 
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Each layer has an aperture through the layer which communicates with the 
apertures in the layers above and below so as to define a continuous channel 
from the upper surface of the multiplier to the artode. 5 at the base of the 
channel. However, the apertures In successive dynode layers are arranged 
so as to be partially offset from each other thereby describing a repeating S- 
shaped path to the anode 5. It is to be understood that although the 
illustrated embodiment includes an anode located at the end of the channel, 
the same general structure may be implemented as a micro-channel plate in 
which case the anode is omitted and the supporting substrate may be back- 
etched after fabrication. 

The electron multiplier 1 of Fig. 1 is preferably fabricated in accordance 
with the following method. An array of microlenses 3 are lithographically 
defined on a substrate 2 such as a silicon wafer. Only one microlens is 
Illustrated in Figs 2A through 2K. The microlenses 3 are of a thermally 
deformable plastics material such as those available under the trade mark 
QUDOS which adopt a generally convex shape following exposure to heat 
(Fig. 2A). By using a microlens as the supporting structure of the anode, a 
smooth dome-shaped external anode surface is achieved. This minimises the 
risk of secondary electron emission from the anode Itself. 

A thin film 4 of a chromergold alloy is then deposited over the convex 
surfaces of the microlenses 3 and the exposed surface of the substrate 2 (Fig. 
2B). The alloy film 4 preferably has a thickness between 0.05-4 microns in 
thickness, more preferably 0.1-1 microns. To ensure the alloy film 4 Is clearly 
visible, in Figures 2A through 2K the thickness of the alloy film 4 Is greater 
than the ranges of thicknesses mentioned above. The thin alloy film 4 is then 
patterned leaving the convex surface of each microlens 3 covered by the alloy 
to form an array of anodes 5. Each of the anodes 5 also has a power supply 
connection 6 in the form of a thin strip of the alloy film (Fig. 2C). Ideally, the 
anodes 5 are arranged In a regular grid structure with a spacing of between 
10 and 500 microns, preferably less than 100 microns. However, the 
arrangement of the anodes and their associated multiplier channels can be 
varied subject to the requirements of a particular application of the multiplier 
array. 
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the surface of the substrate and the anodes 5 through a mask (not illustrated). 
The first insulation layer 7 is patterned by the mask so as to provide a plurality 
of apertures 8 each in the form of a channel aligned with and exposing a 
respective anode 5 (Rg. 2C). Each aperture 8 is preferably around 1 0 
microns in diameter, although diameters of ranging from 5 to 50 microns are 
envisaged. This aperture 8 may be substantially circular thereby describing a 
substantially continuous aperture wall or the wall Of the aperture 8 may be 
discontinuous and have a more complex structure, for example a six-sided 
structure, for reasons of structural integrity and / or minimising use of material 
amongst others. 

The insulation layer 7 is preferably an insulating- material such as 
Cyclotene™ or other similar insulating materials which can be deposited, 
etched and planarised using conventional techniques. In the case of 
Cyclotene™, the material may be either spin or spray coated onto the 
exposed upper surface of the substrate, under the conditions recommended 
by the manufacturer. Conveniently, as long as the thickness of the Insulation 
layer 7 is at least approximately three times the thickness of the alloy film, in 
spin / spray coating the Cydotene™ the insulation layer should automatically 
be approximately planarised. Thereafter, the structure of the channel is 
photodefined In the Cyclotene ,, * i and the channel dry etched using a fluorine 
based plasma, for example. 

A filler material 9. such as a polyimlde, is then deposited into the 
apertures 8 so as to completely fill the apertures and extend over the exposed 
upper surface of the Insulation layer 7 (Rg. 2D) Preferably, the filler material 
9 is a low outgassing, thermally cured material such as a conventional 
photoresist which Is suitable for oxygen plasma etching. The filler material 9 
is preferably spin or spray coated over the Insulation layer and into the 
apertures 8. Ideally, the filler material is thermally curable at temperatures 
preferably below 250°C, although where Cyclotene* 1 * [s used as the insulation 
layeirfillermaterialsTnay-bTe _ e"m^lpl^havirig curing temperatures as high as 
300 - 350 °C. 
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The filler material 9 above the surface of Insulation layer 7 + _ . 

subsequently removed, preferably by means of plasma ^f^J seec | j a ye r \ p 

expose the surface of the insulation layer 7. ^.^per irdeposlted over 

in the form of a thin film of an alloy such -gg^ ffller materfal 9 <Rg , 2E) . 

me exposed surface of the insulation Iztf-' _ . ^^-fasw, 

H ted using convent© rial electroplating 

The seed layer 10 is preferably dA >" , . ' MM *o*t*oti 

techniques and acts as, ^ ^ "^tdu 5 

n^ns dep^^^on ti» specSio o^Won of the **. _ 
• as' fflU&d In Rfl. 2F. ^dynode layer 1 1 1s then deposited over the 

" prefer^ " 
sa^ alloy as lire seed layer, e.g. chrome:copper, and is deposited to a • • ■ 
• Wmm of between 1-20 microns, more preferably approximately 10 
microns with the precise thickness being dependent upon the desired 
diameter of the aperture to be provided through the dynode layer 11. By^ 
means of the mask, the dynode layer 1 1 Is patterned with a plurality of 
apertures 12 each aperture being associated with a respective anode 5 
beneath. For this lowermost dynode layer. to array of apertures 12 is 
preferably arranged with the axis of each dynode aperture 12 offset from the 
axis of its associated anode 5 that lies beneath, as shown in Fig. 1. 
Alternatively, as Illustrated in Fig. 2F. the apertures 12 in the dynode layer 1 1 
may be smaller In diameter than the apertures through the insulation layer 7 
but aligned with the axis of the reepective anode 5. In either case this 
structure resurts in an edge of the dynode aperture overhanging the anode 5. 

As illustrated in Fig. 3, instead of a continuous layer of alloy In which an 
array of apertures are provided, the structure of the dynode layer 1 1 may be 
patterned as a series of discrete but interconnected cells which the inner wall 
of each cell defining a single channel aperture. With this structure, the 
interconnections between the cells act as power connections to apply the 
voltage potential across the dynode layer. As each dynode cell has multiple 
interconnections, as is discussed later in this document, these connections 
may be fusable to enable the array to work even where some of the channels 
of the array are defective. Although the dynode cells are illustrated as nngs. It 



• VS. ■'T' v< 



7 



_01 /_0j *r\* lfl:05 FAS 02074041844 



S H P LONDON 



IS 010 



^ .1^1 appa rent that4ltei^ 
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d ^ nr ^iecHve channel aperture may be adopted. 

The ape^xU^ ^ dynode layer 1 ! ^ th^Ued with the same 

filler materia! 13 ^"^^^^ in the lower apertu^ in the insulation 

layer 7 (Fig. 2G). The filler mfe,^ fe deposited so as to wholly fin the 

apertures 12 and extend over the expt^ ^uppe^silrfaGe of %e dynode layer 

11 ^Thereafter the ffller material 13 is remov^^^?^ 

the dynode layer 1 1 and a new seed layer 10 is de^jpd W er*e©^s6(i 

surface of the dynode layer 1 1 and the filler material 13lrKach of the dynode 

apertures 12 (Fig. 2H). The new seed layer 10 Is again preferably of the 

same metallic material as the dynode layer and Is preferably continuous"" \ 

across the entire upper surface of the device. 

The fabrication steps described above are then repeated to create an 
alternating series of insulation and dynode layers with each layer being 
isolated from its adjacent layers by continuous thin films acting as seed layers 
(Fig, 21-2J). The seed layers ensure that each layer in turn Is planarised 
across the surface of the device thereby minimising any variation in the 
thickness of each layer across the device. 

Each layer includes an array of apertures which are filled with the filler 
material and which are arranged so that Ihe apertures In successive dynode 
layers are not concentric with one another and instead are partially offset from 
the channel apertures in the dynode layers above and below so as to define a 
staggered channel from tine uppermost layer to the anodes 5 at the bottom of 
the channels. Preferably, the offset arrangement of the apertures in adjacent 
dynode layers is achieved by employing the same mask for the deposition of 
each dynode layer but adjusting the position of the mask for each layer, for 
example by rotation of the mask. An alignment key 14 (Fig. 1 ) may be 
provided adjacent the edge of the substrate with which the mask can be 
aligned In at least two different positions. As illustrated in Fig. 1 it is not 
necessary for the apertures in the Insulation layers to be offset from one 
another. Instead the apertures in the insula tion layers 7 m ay be concentric 
with one another. 

Once ali of the insulation and dynode layers have been completed, a 
final upper seed layer 10 is deposited so as to planarise the uppermost 
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dynode layer 11 . At least part of the seed layer 10 is thereafter removed so 
as to expose the filler material in the apertures 12 of the uppermost dynode 
layer 1 1 . The filler material is then removed , for example by means of plasma 
etching, to open the apertures 12 in the dynode layer 1 1 and to expose the 
seed layerlO beneath. Part of this lower seed layer 10 Is also then removed 
to expose the filler material in the apertures S in the adjacent insulation layer 
7. The filler material In the insulation layer apertures 8 Is then removed to 
expose the next seed layer 10 and that exposed seed layer 10 is in turn 
etched so as to expose the filler material beneath. Removal of this seed layer 
10 may additionally result in exposed surfaces of the dynode layer 1 1 being 
partially etched. However, this is not a problem as the dynode layer 1 1 is 
considerably thicker than the adjacent seed layers 10. The process of 
removing the filler material in the apertures of both the Insulation layers 7 and 
the dynode layers 1 1 and the exposed regions of the seed layers 1 0 is then 
repeated through each of 1he layers until the anode 5 at the base of each one 
of the channels is exposed (Fig. 2K). 

Once all the filler material has been removed the walls of the channels 
are cleaned so as to remove any copper oxide that has formed and then ttie 
exposed surfaces of each of the dynodes or at least the active surfaces of 
each of the dynodes are coated with a secondary emissive material such as 
oxidised beryllium copper or caesiated antimony 15. 

Finally, each dynode layer is provided with power supply connections 
so that a voltage potential may be applied between each dynode layer. Also, 
the substrate Is preferably mounted on a ceramic substrate and the array of 
anodes is provided with connections to output signals to a signal analyser (not 
illustrated). 

The electron multiplier array described above may be implemented in 
various devices including but not limited to image intensifies, flat panel 
displays and secondary electron emission microscopes. 

In the case of an image intensifier, as mentioned earlier, the electron 
multiplier may be fabricated with the anode at the base of each channel 
replaced by a phosphor screen. Preferably, for this particular application the 
array of electron multiplier tubes is fabricated on the silicon substrate in the 
manner described above and thereafter the substrate is removed by etching 
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phosphor screen. To provide the necessary sensitivity to Incident photons, 
the upper surface of the array of electron multiplier tubes may be coated with 
a photosensitive material and to prevent the photosensitive material from 
f > _ en .^ tin 5- t !^ chann . el ?' tne evaporation source Is preferably offset .from-the 
surface of the array and the array is rotated to ensure even coverage of the 
photosensitive material. Alternatively, the array of multiplier tubes may be 
aligned behind a glass window which is coated on its inner surface with a 
photosensitive material. The photosensitive material is selected in 
dependence on the wavelengths of light to be detected such as, but not 
limited to, bialkali materials. 

Finally, for certain applications the electron multiplier array may be 
mounted in an enclosure which is evacuated and sealed with a window of 
quartz or glass. The window may be backed with a thin film of indium-tin- 
oxide (1TO) so that a potential may be applied to the window without affecting 
its transparency. 

Considering the preferred structure of the dynode layers in the form of 
discrete but interconnected cells, and the high voltage potentials that are 
applied to the individual dynode layers, as illustrated the voltage connections 
to each of the dynode layers can be arranged at respective unique positions 
about the edge of the structure. Preferably, as illustrated, for the sake of 
convenience the voltage connections 16 are arranged adjacent one another 
but at different circumferential positions. Although the multiplier array of 
Figure 3 has a circular periphery It will be Immediately apparent that the 
periphery of the array may be any shape. 

By providing planarislng layers at a plurality of intermediate depths 
through the multiplier structure, the thicknesses across the array of individual 
layers are maintained thereby contributing to consistent, and comparative, 
performance characteristics of the individual channels of the array. 
Furthermore, the large number of Individual channels and the very small size 

Af_me^hanneIs-mean-mat-the^lectrorTTrTUltlplie^ 

performing extremely high resolution imaging. The smaller dimensions also 
mean that the array is able to tolerate much higher magnetic fields than 
conventional devices. Moreover, the array is resistant to ionising radiations 
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and temperature variations that can undermine conventional semiconductor 
devices. 

The electron multiplier array described above may have a surface area 
of many square centimetres in which thousands of individual electron 
multiplier channels are formed. This means that in many cases failure of a 
few of the individual channels in the array may not undermine the overall 
performance or effectiveness of the device, as Jong as failure of individual 
channels does not result in failure of the whole array. Such failures may arise 
during fabrication or as a result of a foreign particle entering a channel. As 
described earlier the interconnection of the dynodes as illustrated in Fig. 3, or 
using a similar arrangement of multiple dynode interconnections, enables the 
connections around a fused channel to be shorted without causing damage to 
the connections of the other channels. In this way a system is provided for 
disabling and isolating damaged channels to permit continued use of the 
photomultiplier array by selection of the supply current to match the fusing 
limit Thus, for the illustrated embodiment where a single channel in the array 
is shorted then the maximum current will flow through the connections to the 
dynode rings of that channel whereas the connections to dynode rings of 
functioning electron multiplier channels are subjected to only a third of the 
maximum voltage. Thus, by careful selection of the applied current to that 
dynode layer the connections to a defective channel may be fused. 

The electron multiplier array described herein and its applications are 
not limited to the details of the embodiment described herein and instead is 
limited only to the spirit and scope of the accompanying claims. 
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1 . An electron multiplier array comprising a monolithic structure 
comprising a plurality of alternately stacked layers of a metallic material and 
an insulator there being an array of open channels extending through the_. 
layers of metallic material and the layers of insulator, each of the metallic 
layers having a respi^vfe: power connection for application of a voltage 
potential which, varies i with respect to the location of the metallic layer wiihin 
the' stacTi; the electron multiplier array being further characterised by a 
plurality of planarlsing layers each planarising layer separating neighbouring 
insulator and metallic, layers In the stack; v; 

2. An electron multiplier array comprising a monolithic structure having a 
plurality of alternately stacked layers of a metallic material and an insulator 
there being an array of open channels extending through the layers of metallic 
material and the layers of insulator, each metallic layer consisting of a plurality 
of discrete but interconnected cells, each cell defining the walls of a 
respective channel and each cell being connected to a pluraDty of adjacent 
cells in said layer and each of the metallic layers having a respective power 
connection for application of a voltage potential which varies with respect to 
the location of the metallic layer within the stack, the power connections for 
each of the metallic layers being located at different respective positions on 
the perimeter of the electron multiplier array. 

3. An electron multiplier array as claimed in either of claims 1 or 2, . 
wherein the alternately stacked layers of metallic material and insulator are 
mounted on a substrate which closes one end of the channels of the array. 

4. An electron multiplier array as claimed in dalm 3, wherein an anode Is 
provided at the closed end of each channel of the anay. 



An electron multiplier anay as claimed in claim 4, wherein each anode 
comprises a microiens.coated In a thin metallic film . 
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6 An electron multiplier array as claimed in any one of the preceding 
claims, wherein for each channel of the array the edges of the apertures in 
each layer of metallic material defining the channel partially overlap the 
aperture edges in neighbouring metallic layers for the same channel. 

7 An electron multiplier array as claimed in any one of the preceding 
claims, wherein the layers of metallic material consist of an alloy of chrome 
and copper. 

8 An electron multiplier array as claimed in any one of the preceding 
claims, wherein the active surfaces of each metallic layer are coated in a high 
secondary emissive material. 

9 An electron multiplier array as claimed in claim 8, wherein the 
secondary emissive material is selected from oxidised beryllium copper and. 
caesiated antimony. 

1 o An electron multiplier array as claimed in any one of the preceding 
claims, wherein the layers of insulator consist of a dry-etchable material. 

11. An electron multiplier array as claimed in claim 1 , wherein the material 
of the planarising layers and the metallic layers is the same. 

12. A method of manufacturing a monolithic electron multiplier array 

comprising the steps of: 

a) providing a substrate; 

b) depositing a layer of insulator; 

c) patterning an array of apertures in the layer of insulator 

d) introducing a filler material into the array of apertures in the layer 
of insulator, 

d) applying a planarising layer overthe exposed surfaces of the 
layer of Insulator and the filler material in the apertures; 

e) . applying a layer of a metallic material over the planarising layer, 
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the apertures in the layer of metallic material defining with the filled 
apertures in the layer of Insulator respective channels in the monolithic 
structure; 

g) introducing a filler material into the array of apertures In the layer 
of metallic material; 

h) applying a planarislng layer over the exposed surfaces of the 
layer of metallic material ami the filler material in the apertures; 

i) repeating the steps b) to h) to form alternately stacked layers of 
a metallic material and insulator with ah array of channels extending 
through the layers of metallic material and the layers of Insulator; and 
j) removing the regions of each planarislng layer overlying filler material 
and the filler material in the apertures in each layer so as to from an 
array of open channels extending through the alternately stacked 
layers of metallic material and insulator. 

13- A method as claimed in claim 12, wherein each planarislng layer is 
applied as a continuous layer extending over substantially all of the exposed 
upper surface of the array. 
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